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(57) ABSTRACT

The invention relates to the coupling of a sensor element to a
transponder, the connection of said sensor element to the
transponder being achieved by capacitive or inductive cou-
pling. This enables any separation layer that may lie between
the sensor element and the transponder to be retained, allow-
ing the mvention to be advantageously used 1n gas and liquid-
tight containers, such as tires. In addition, electrically non-
conductive materials of the object to be measured can be used
as a dielectric for the capacitive coupling and electrically
conductive parts can form part of a conductor loop for the
inductive coupling.

16 Claims, 1 Drawing Sheet
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LINKING OF A SENSOR ELEMENT WITH A
TRANSPONDER

BACKGROUND OF THE INVENTION

The mmvention relates to linking a sensor element with a
transponder.

The wireless interrogation of the relevant electrical param-
cters of a transponder by means of a suitable reading device 1s
a basic function of radio sensor technology. The information
about the physical parameters to be measured 1s impressed on
the interrogated electrical parameters.

In various fields of application 1n which contactless mea-
suring sensors are used, the location at which the measure-
ments are taken (by one or more sensor elements) does not
coincide with the proper transponder position for radio inter-
rogation by the read device. In this case, the sensor elements
are generally wired to the other functional components of the
transponder (particularly the elements of the transponder
which are connected to the read device by radio).

In many applications, the sensor element cannot be wired
directly to the transponder without interfering with the func-
tion of the equipment being monitored owing to a separating,
wall, membrane, coating, or similar feature, between the tran-
sponder and the sensor, which would have to be penetrated
and therefore damaged.

BRIEF SUMMARY OF THE INVENTION

The object of the invention 1s to provide a link of the type
described above which does not interfere with the function of
the equipment being monitored.

This object 1s achieved both by realizing the link between
the sensor element and the transponder by means of capaci-
tive coupling, and by realizing the link between the sensor
clement and the transponder by means of inductive coupling.

Advantage 1s gained particularly through the use of a
capacitor as the sensor element, whose value depends on the
respective measurement. Alternatively, it can also be advan-
tageous when an inductor or ohmic resistor whose value
depends on the respective measurement 1s used as the sensor
clement.

In applications having to do with measuring the thickness
of a hollow body, or in which the mechanical stability of the
body cannot be interfered with, a preferred development of
the invention provides for the link between the sensor element
and the transponder to be realized without mechanical pen-
etration, either complete or partial, of a separating layer
between the transponder and the sensor element. Typical
examples of such applications include automobile or airplane
tires, henceforth simply tires.

An advantageous development of the mvention provides
that at least the sensor element or the transponder 1s disposed
on opposite sides of a separating layer. An alternative which
1s well suited to many applications provides that one of these
clements 1s preferably disposed either at the surface or 1in the
interior of the separating layers.

A preferred application of the mvention 1s measurement
registration by the sensor elements 1n an interior space of a
container which 1s filled at least partly with gas or liguid.

When the separating layer consists of electrically insulat-
ing material, the capacitive coupling 1s particularly easy, the
dielectric of said coupling being formed at least partly by the
mechanical separating layer.
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If there 1s an electrical conductor present 1n the separating,
layer, the inductive coupling 1s particularly easy in that at least
part of a conductor loop of said coupling 1s formed by the
ex1isting conductor.

When the invention 1s used 1n a steel-belted tire, it 1s par-
ticularly advantageous for the belt to be used as the conductor
loop of the inductive coupling.

Additionally or alternatively, 1t 1s expedient when a con-
ductor loop 1s arranged 1n a tire through vulcanization.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplifying embodiments of the invention will now be
described with reference to the drawing. Shown are:

FIG. 1 1s a block circuit diagram of a first example of the
linking of a sensor element (8) with a transponder through
capacitive coupling; and

FIG. 2 1s a block circuit diagram of a second example
comprising inductive coupling.

DETAILED DESCRIPTION

According to FIG. 1 a sensor element 1s wirelessly linked
with a transponder 5; 1.¢., the sensor element 8 and the tran-
sponder 3 are not wired together. The output of the sensor
clement 8 1s instead capacitively coupled with the input of the
transponder 5 via a coupling capacitor 7,7'. The sensor ¢le-
ment 8 can be designed as an ohmic resistor, a capacitor, or an
inductor depending on the measured value.

The transponder 5 1s connected via an antenna 6 to an
antenna 4 of a separate write/read device 1, which comprises
a transmitter 2 and a recerver 3. Measurement data from the
sensor element 8 can be read wirelessly by the write/read
device 1. The write/read device 1 1s stationary, whereas the
sensor element 8 and the transponder 3 are situated on equip-
ment being monitored 13.

In the example represented, the sensor element 8 and the
transponder 5 are separated by a membrane 9 or other elec-
trically nonconductive material. The membrane 9 or other
nonconductive material forms a dielectric between the plates
of the coupling capacitor 7, which influences the coupling
capacities.

This configuration occurs when the sensor element 8 1s
placed inside a body such as an airplane tire. In order to
measure temperature, deformation, or other physical param-
eters using suitable sensor elements in the tire carcass, one
plate of the coupling capacitor 7 1s arranged on the 1nside of
the tire, and the other plate i1s fully integrated into the tire
material at a defined distance from the first. The sealing inner
layer of the tire remains undamaged. This 1s very important
owing to the butyl layer that 1s applied here, because this 1s a
critical determinant of the density of the tire. The tire material
between the capacitor plates forms the dielectric of the cou-
pling capacitor 7.

In this example, the write/read device 1 1s arranged 1n a
vehicle, and the measurement data for the tire can be trans-
mitted to an on-board computer or similar device during
travel.

FIG. 2 represents an application in which the wireless
linking of the sensor element 8 and the transponder 3 1is
achieved through inductive coupling 12. Two coils 10, 11 are
magnetically coupled with the aid of the constructional ele-
ments of the equipment being monitored. If the configuration
1s used 1n a tire, one of the coils 10 is situated inside the tire,
and the other coil 11 1s integrated into the tire material. The
second coil can be formed at least partly by a steel belt.
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For measurement purposes, any arbitrary physical quantity
can be used; 1n other words, the concrete embodiment of the
clement which senses the measurement value 1s not determi-
native and generally depends on which parameters are
sought. Possible embodiments of the sensor clement 8
include capacitors, inductors, and ohmic resistors whose
value depends on the respective measurement.

The mvention claimed 1s:

1. A sensor system, comprising:

a sensor element for measuring a physical parameter;

a transponder for transmitting the measured physical

parameter to a read device; and

a capacitive coupling, including a first pair of plates con-

nected to the sensor and a second pair of plates con-
nected to the transponder, for wirelessly linking the sen-
sor element to the transponder, the first and second pair
of plates separated by a fixed distance.

2. The system according to claim 1, further comprising a
separating layer disposed between the sensor element and the
transponder, wherein the sensor element 1s linked with the
transponder without mechanically penetrating the separating,
layer.

3. The system according to claim 1, further comprising a
mechanical separating layer that forms a dielectric for the
capacitive coupling.

4. A configuration for linking a sensor element with a
transponder, wherein the transponder 1s linked with the sen-
sor element through inductive coupling, and the transponder
and the sensor element are fastened to each other 1n a non-
movable relationship to each other.

5. Configuration according to claim 4, wherein a capacitor
whose value depends on a respective measurement 1s used as
the sensor element.

6. Configuration according to claim 4, wherein an inductor
whose value depends on a respective measurement 1s used as
the sensor element.

7. Configuration according to claim 4, wherein an ochmic
resistor whose value depends on a respective measurement 1s
used as the sensor element.
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8. Configuration according to claim 4, further comprising a
separating layer disposed between the sensor element and the
transponder, wherein the sensor element 1s linked with the
transponder without mechanically penetrating the separating
layer.

9. Configuration according to claim 4, further comprising a
separating layer, wherein measurement data are registered
by:

at least two sensor elements disposed on opposite sides of

the separating layer,

at least one sensor element disposed at a surface of the

separating layer, or

at least one sensor element disposed within an interior of

the separating layer.

10. Configuration according to claim 4, wherein measure-
ment data are registered by at least one sensor element dis-
posed within an interior of a container that 1s at least partly
filled with gas or fluid.

11. Configuration according to claim 4, wherein measure-
ment data are registered by at least one sensor element dis-
posed within an 1interior of a wheel that 1s at least partly filled
with gas or fluid.

12. Configuration according to claim 4, wherein measure-
ment data are registered by at least one sensor element dis-
posed on a surface, or within an interior, of a tire.

13. Configuration according to claim 4, further comprising
an electric conductor loop, disposed between the sensor ele-
ment and the transponder, to provide the inductive coupling.

14. Configuration according to claim 13, wherein the elec-
tric conductor loop 1s disposed within a structural element of
a monitored device.

15. Configuration according to claim 14, wherein the struc-
tural element 1s a tire and the electric conductor loop 1s a steel
belt of the tire.

16. Configuration according to claim 14, wherein the struc-
tural element 1s a tire and the electric conductor loop 1s vul-
canized into the tire.
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